SERIES PUBLICATIONS OF THE SMITHSONIAN INSTITUTION
Emphasis upon publication as a means of "diffusing knowledge" was expressed by the first Secretary of the Smithsonian. In his formal plan for the Institution, Joseph Henry outlined a program that included the following statement: "It is proposed to publish a series of reports, giving an account of the new discoveries in science, and of the changes made from year to year in all branches of knowledge." This theme of basic research has been adhered to through the years by thousands of titles issued in series publications under the Smithsonian imprint, commencing with Smithsonian Contributions to Knowledge in 1848 and continuing with the following active series: In these series, the Institution publishes small papers and full-scale monographs that report the research and collections of its various museums and bureaux or of professional colleagues in the world of science and scholarship. The publications are distributed by mailing lists to libraries, universities, and similar institutions throughout the world.
Papers or monographs submitted for series publication are received by the Smithsonian Institution Press, subject to its own review for format and style, only through departments of the various Smithsonian museums or bureaux, where the manuscripts are given substantive review. Press requirements for manuscript and art preparation are outlined on the inside back cover. Humerus . .
S. Dillon Ripley

Ulna .
Radius .
Carpus . .
Scaphoid
Triquetrum (cuneiform) .
Pisiform .
Hamate (unciform) .
Manus .
Metacarpals .
Phalanges .
Interpretation of the Hand
Pelvic Limb .
Inominate bone .
Femur .
Tibia .
Fibula .
Tarsus .
Calcaneus .
Astragalus .
Navicular .
First Cuneiform (entocuneiform)
Second Cuneiform (mesocuneiform)
Third Cuneiform (ectocuneiform) .
Cuboid . The specimen was found in the White River Formation in the head of Little Lone Tree Gulch, in the Flagstaff Rim area of Natrona County, Wyoming, at about 13.5 meters (45 feet) below ash B on the generalized zonation section (Emry, 1973:29) . The White River Formation here is isons were likely to be meaningful. We use the term paramyid in the sense of the Paramyidae of Wood (1962) or Wahlert (1974) , i.e., we do not include Ischyromys and its close relatives.
Taxonomic Identity of USNM 243981
In the following section, on the descriptive and comparative osteology of USNM 243981, it is pointed out that its dental features most closely resemble those of PProtosciurus jeffersom, even though here there are distinctions to be made.
Protosciurus was erected by Black (1963) , who in¬ cluded in the genus what he then regarded as the geologically oldest sciurids. He later (1965) ten¬ tatively assigned to Protosciurus another species, which is even older geologically, and which has had a long and complex taxonomic history. This was Sciurus jeffersom Douglass (1901) , from the medial Chadronian (approximately early Oligocene) Pipestone Springs locality of southwestern Montana. The species had been transferred to Prosciurus by Matthew (1909) , to PProsciurus by Wood (1937) , and to Cedromus by Wood (1962) .
Wood has since (1980) reiterated his belief that it belongs in Cedromus.
Black's reluctance to place PProtosciurus jeffersoni unequivocally in Protosciurus was apparently be¬ cause certain dental features did not allow it to be placed confidently in the Sciuridae, whereas Protosciurus condoni (the genotypic species) and other referred species are more clearly members of the squirrel family.
The same dental features (e.g., more distinct and multiple conules, more distinct hypolophids) that distinguish ?P. jeffersoni from P. condoni and P. mengi are present, but even more distinct, in USNM 243981. That is to say, both PP. jeffersoni and USNM 243981 diverge from typical Proto¬ sciurus in the same way, with USNM 243981 being somewhat more divergent.
In the following description and comparison it is shown that USNM 243981 has several derived features that are found elsewhere only in mem¬ bers of the Sciuridae. On this basis, and in spite of its being protrogomorphous and having dental differences, USNM 243981 is placed in the Sci¬ uridae. Its similarities to PP. jeffersom suggest that, for the present, it is best to place them together in Protosciurus jeffersoni and to place this taxon firmly in the Sciuridae. This is done with the expectation that more and better material might show that P. jeffersoni is generically distinct from Protosciurus, and that USNM 243981 is specifically distinct from P. jeffersoni.
For the purposes of this report, it is not neces¬ sary to resolve these questions. It is sufficient to conclude that USNM 243981 is certainly a sciurid, closest to Protosciurus jeffersoni, which is by inference also clearly a sciurid.
In the following sections, a reference to Proto¬ sciurus is to USNM 243981, unless it is otherwise qualified.
Anatomy
Skull, Mandibles, and Dentition
The anterior part of the skeleton, including the skull and mandibles, of USNM 243981 had been weathered out of the sediments when discovered, and, judging from the parts preserved, the skull had been crushed and broken before and during the burial process. The palate, with well-pre¬ served teeth, is intact (Figure 2) , and both tym¬ panic bullae with attached periotics are pre¬ served, along with numerous smaller skull frag¬ ments. The mandibles are both present; each is broken posteriorly, but all cheek teeth are intact.
Skull.-Enough remains of the inferior zygo¬ matic root of the maxillary to show that this specimen, like the others known of Protosciurus, is protrogomorphous, with the masseter limited to the ventral root of the zygoma. This is the prim¬ itive condition for rodents (found, for example, in most paramyids, ischyromyids, and sciuravids) and is not the condition found in modern sciurids, which lend their name to the sciuromorphous condition. As will be shown below, USNM 243981 has derived features found only in sciurids and is placed in the Sciuridae on the basis of these derived characters. It is clear then that the sciuromorphous condition is not primitive for the family Sciuridae. This had been suspected previ¬ ously. Black (1963) , for example, mentioned that in Protosciurus condom (the genotypic species, of late Oligocene age) there is no indication that the masseter had expanded anterior to the infraorbi¬ tal foramen. That sciuromorphy was not the primitive condition in Sciuridae should not be surprising. The condition was independently de¬ rived at least three times, in the castorids and geomyoids in addition to sciurids, and is devel¬ oped to some degree in glirids and in the ad¬ vanced ischyromyid Titanothenomys.
A fragment of parietal shows that USNM 243981 lacked the sagittal crest that is found invariably in the paramyids and most other protrogomorphs, and has instead the low, apparently lyre-shaped, temporal crests typical of modern squirrels but found in other advanced rodent groups too.
In USNM 243981, the anterior border of the internal nares is even with the posterior end of M3 (Figure 2 ), very much as in Protosciurus condom and other fossil sciurids such as Protospermophilus (see Black, 1963, pis. 3, 14, 15) . In modern sciurids Auditory Region.-USNM 243981 has large tympanic bullae, completely fused to the periot¬ ics, as in modern sciurids, so that each bulla and periotic separates from the skull as a single unit.
Both are detached from the skull in the fossil specimen, and except for part of the basioccipital adhering to the right bulla, neither is in place relative to other bones of the skull. In shape and size (e.g., relative to length of P4-M3), the bullae of Protosciurus are very similar to those of Sciurus mger, even in details of the mastoid process, the Because the ventral surface of the periotic of modern Sciuridae has significant derived features, part of one bulla of Protosciurus was sacrificed to allow access to the periotic. The right bulla was chosen because it was not so well preserved as the left, the thinner bone being cracked and some¬ what displaced due to crushing. During removal of this thin tympanic bone, it could be deter¬ mined that, as in modern sciurids, transbullar septae were present, but because of the displace¬ ment of the bone, the number and orientation of the septae could not be determined.
In modern Sciuridae, the stapedial artery pen¬ etrates the medial wall of the bulla, near its contact with the basioccipital, and enters a bony tube, apparently developed from the periotic, though probably also with some tympanic con¬ tribution. In many modern squirrels the artery is enclosed in this bony conduit until it leaves the periotic near the anterior margin. In some there is a short gap in the bony tube at the position of the stapes, but in others the artery is enclosed even where it passes through the stapes, so that in a dried specimen, the stapes surrounds, and is suspended by, this conduit of bone. In USNM 243981, enough of the bulla was prepared away to determine that the stapedial artery is enclosed in the bony tube at least from the medial wall of the bulla across the promontorium and in the parts that can be seen is very similar to Sciurus.
The malleus is in place in each bulla of Proto¬ sciurus-, at least the face that can be observed through the external auditory meatus has no apparent differences from the malleus of Sciurus.
The dorsomedian face of the periotic of Protosciurus is very similar to that of Sciurus, comparing more closely, in position of features, to S. mger than it does in S. carolinensis, Tamiasciurus, Marmota, and Tamias. This surface is divided into two faces by a ridge that is a continuation of the tentorium. nerve. The opening into the appendicular fossa is circular, and, as in Sciurus, the appendicular fossa is nearly spherical, with its maximum diameter somewhat larger than the opening. This is in contrast to Ischyromys, which has a circular open¬ ing, but a fossa that is nearly cylindrical, with the opening larger in diameter than any part of the fossa.
The auditory region of this early squirrel al¬ ready contains the derived features of modern sciurids: periotic and tympanic bulla fused into a single unit, bulla enlarged, transbullar septae present, and stapedial artery enclosed in a bony conduit through the middle ear. This contrasts with paramyids, in which the bulla is not co¬ ossified with any other skull bones and is usually not found with the skull. The bulla is completely unknown in Paramys, and may never have been ossified. Leptotomus has bullae that are at least partially ossified (Wood, 1962:66) , but they are not fused to any other bones. Both Paramys and
Leptotomus have a shallow channel on the surface of the petrosal indicating the presence, and course, of the stapedial artery (Wahlert, 1974) .
Reithroparamys has a well-formed, completely os¬ sified bulla, not fused to other bones of the skull, and a stapedial artery indicated by a foramen between the tympanic and periotic (Wahlert, 1974 is characteristic of, and apparently limited to, the Sciuridae.
Mandible.-The lower jaw of USNM 243981 is generally like that described for other species of Protosciurus (Black, 1963 (Black, , 1965 , comparing best with ?P. jeffersom (Black, 1965) . P4 is short and very little depressed, as is the case in the described specimens of ?P. jeffersoni (Black, 1965:18) . This differs from P. condoni, in which the diastema is short but very much depressed, more like the condition in modern squirrels.
Dentition.-The dentition of USNM 243981 is similar in most features to that of ?Protosciurus jeffersom described by Black (1965) , differing mainly in having a slightly more complicated cusp pattern. It differs from geologically younger species of the genus (i.e., the genotypic species P. condom and also P. mengi) in the same way, but to a greater degree than, the Chadronian material assigned by Black (1965) comm.) has observed that enamel like this, with lamellae not inclined, occurs in Eutypomys thomsom and Prosciurus relictus, and that in Mesogaulus novellus it is but slightly inclined. Korvenkontio (1934) lists this condition in four species of Sciurus and also in Arctomys, although Wahlert (pers. comm.) observed considerable superimposed complexity in the latter genus. In the other sciurids studied, the lamellae are inclined toward the tip of the tooth. The distribution of these enamel microstructure patterns suggests that the most primitive uniserial enamel has uninclined lamel¬ lae, the condition seen in Protosciurus and retained in Sciurus. The inclined lamellae of the other sciurids may be more derived. Table 1 ).
In P to M3 the protolophs connect to the protoconc, and the metalophs do likewise except in M', where the metaloph is imperfectly formed, consisting only of small conules in the posterior basin (see Figure 2 ). M3 has a triangular outline.
The lophs are much more complex than in P. condom and P. mengi and are somewhat more Each loph is divided into several small conules.
Black (1965:20) 
stated that in the Pipestone
Springs specimen assigned to ?P. jeffersom, neither protoconules nor metaconules can be distin¬ guished with certainty in the lophs, but Black's illustration (1965, fig. lb ) shows what appears to be distinct metaconules on M1"2. The lower den¬ tition of USNM 243981 is like the upper dentition in being somewhat more complex than that of ?P. Low but distinct hypolophids (least distinct on M3) extend from the entoconids nearly all the way across the basins toward the hypoconids but do not quite join them. These hypolophids are slightly more distinct than in the specimen of ?P.
jeffersoni described by Black (1965) , who noted that hypolophids are not present in the later species of Protosciurus nor in modern Sciurinae.
In dental characters, USNM 243981 is most like ?P. jeffersoni (Black, 1965) . It differs from later species of Protosciurus, and from Sciurinae in gen¬ eral, in the same way that ?P. jeffersoni does, but the differences are slightly more pronounced. One James (1963) and Lindsay (1972) to Sciuropterus and recently placed by Engesser (1979) in a new genus, Petaunstodon. James (1963) and Lindsay (1972) believed the California taxa were congeneric with fossils from the Euro¬ pean Neogene (for example, see Mein, 1970) , but
Engesser ( in Sciurus (at least in S. mger, USNM 251574 and 257984), and, according to Wood (1962:23) , six in Paramys and 10 in Ischyromys. There is some doubt about the associations in the latter two genera, however, and so the numbers should not be taken too confidently.
In Protosciurus the centra are very short in the anterior caudals and rapidly increase in length posteriorly. The second caudal is shortest, and the 11th is longest (Figure 4 ). This is comparable to the pattern seen in Sciurus, where the second or third is the shortest, and the 11th to 13th the longest (Thorington, 1966:21) . In Protosciurus the longest caudal is slightly more than three times the length of the shortest. This is more nearly comparable to the ratio seen in Glaucomys and only slightly greater than that seen in Eutamias.
These have a somewhat higher ratio than in Tamiasciurus and Sciurus, in which the longest is about two-and-a-half times the length of the shortest. However, in all these modern genera except Sciurus, the longest caudal is usually more proximal than in Protosciurus; in Tamiasciurus the longest is eighth to tenth, Glaucomys the eighth to ninth, and Eutamias the ninth to eleventh (Thor¬ ington, 1966:16-21) . There seems to be little doubt that Protosciurus could have flexed its tail abruptly over its back as squirrels do. The pattern of caudal vertebrae is very different in Paramys (Wood, 1962:23) , which has a much more massive tail, with the longest vertebrae (the 13th and 14th) being barely twice the length of the shortest, which is the third (see Caudal vertebra number Eulamias dorsalis from Thorington, 1966. indicating that the origin of the long head of the origin of the long head of the triceps, deep to the biceps was oriented as in Sciurus, and differing axillary border of the scapula, is like that in slightly from that of Spermophilus. Similarly, the Sciurus and dissimilar to the strong origin in Sper- mophilus, which is not overlapped by the axillary border.
A character of particular taxonomic impor¬ tance in Protosciurus is the presence of the subscap¬ ular spine. So far as we can determine, a subscap¬ ular spine is characteristic of the family Sciuridae, being present in all members of the family, re¬ gardless of size or habit of the animal, i.e., from small chipmunks to large marmots and from ground squirrels, to tree squirrels, to flying squir¬ rels. Also, so far as we can determine, the only nonsciurid rodent with a subscapular spine is Anomalurus (it may occur in other anomalurid genera as well, but appropriate material is not available in the USNM collections). This feature therefore seems to be an important derived char¬ acter, with taxonomic significance at the family level.
Humerus.-The humeri of ground squirrels appear more robust than do those of tree squirrels of similar body size. In part, this is due less to the stoutness than to the fact that ground squirrels have relatively shorter limbs. The humerus of Protosciurus is long and gracile, striking in its over¬ all similarity to that of Sciurus (Figures 6, 7) .
In ground squirrels, and in Tamias, the infra¬ spinatus muscle inserts into a pit on the greater tuberosity, whereas in Sciurus, the posterior edge of the insertion is flush with the articular surface of the head. This is perhaps a function of the strength of the infraspinatus. In this characteris¬ tic, Protosciurus resembles Sciurus.
The deltoid ridge of adult tree squirrels differs greatly in appearance from that of ground squir¬ rels (Figure 7a-c) . In Sciurus it is narrow, with the deltoid and pectoralis insertions parallel to one another. In Protosciurus it is clearly very similar to Sciurus, rather than broad proximally as it is even in young Spermophilus. Paramys is much like the ground squirrels in this respect, with the deltoid A B The medial epicondyle tends to be more robust in ground squirrels and prairie dogs than in tree squirrels, because of the stronger flexor muscula¬ ture of the former. In Paramys, the median epicon¬ dyle is also quite robust. It is robust in some Sciurus species, but in Protosciurus it is much less Ulna.-The ulnas of tree squirrels differ from those of ground squirrels in proportions and in the appearance of the shaft. The general appear¬ ance of the ulna of Protosaurus is like that of tree squirrels of the genus Sciurus (Figure 8 ). In detail, however, there are several characteristics in which the fossil is either unique or more like the ground squirrels.
The proximal end of the ulna differs subtly between tree and ground squirrels. In tree squir¬ rels the proximal end of the olecranon is drawn out into a thin medial ridge, which is thinner and directed more in the axis of the ulna, whereas it is broader and more medially directed in ground squirrels. Protosaurus is intermediate in this char¬ acter, which probably reflects some difference in the manner of insertion of the triceps tendon.
Protosaurus resembles the tree squirrels in the shape and orientation of the proximal radial ar¬ ticular facet. In Sciurus it is more nearly continu¬ ous with the articular surface of the trochlear notch, whereas in Spermophilus and especially in Cynomys the plane of the radial notch is more nearly parallel to the main axis of the ulna and hence at a greater angle with the trochlear notch (see Figure 8a- Radius.-The radius of Protosciurus is long and gracile as in tree squirrels and agrees in most details with those of Sciurus (Figure 9 ). The right distal epiphysis is missing; the length of the right radius given in Table 3 is an estimate made by adding the thickness of the left epiphysis to the length of the part preserved.
The proximal articular surface appears slightly more concave in Sciurus and Protosciurus than in Spermophilus. The neck of the radius of Protosciurus is also like that of the tree squirrels, in that there is a ridge on the ulnar surface, between the head A radius of Paramys has not been described, and no complete one was found in the USNM collec¬ tion. The proximal part of a right radius is pre¬ served in USNM 13254 (Paramys delicatus) and radii are known for other paramyids (Wood, 1962) . All of those known are relatively stouter than in Sciurus, and most are even relatively shorter and thicker than in Marmota. In Protosciurus, the radial articular surface of the scaphoid is broadly convex as in Recent squirrels, and it extends ventrally as in Spermophilus, further than in Sciurus. On the radial side of the scapho¬ lunate of modern squirrels, there is an articular surface for the falciform bone. In Sciurus and in Spermophilus there is a groove distal to this artic¬ ular surface in which ligaments insert. In Proto¬ sciurus the medial surface is similar in shape to that of Sciurus, presumably for the articulation of the falciform, but there is no groove; therefore, the ligaments must have been differently ar¬ ranged, perhaps more like those in Protoxerus, which also lacks the groove. On the medial side of the palmar surface of the scaphoid there is a groove for ligament insertion. This is similar to a groove in the scapholunate of Sciurus Pleterocephalus, which has a fused scapholunate.
Within the Ctenodactylidae, which also have been mentioned as having separate scaphoid and lunate bones, we were able to check only Ctenodactylus (three specimens), and confirm that the bones are in fact separate. Appropriate material of the other ctenodactylids (Pectinator, Massoutiera, and Felovia) was not available, but they are all so similar to Ctenodactylus in other features that it would be surprising if the scaphoid and lunate were not separate in all of them. Matthew (1910) noted the presence of separate scaphoid and lunate in Bathyergus when stating that among modern rodents only, it shares this character state with the ischyromyoids. Matthew (1910) described separate scaphoid and lunate in Pseudotomus robustus, Ischyrotomus petersoni, and Leptotomus grangeri. Inasmuch as the two carpals were separate in all three of the paramyids in which material was sufficiently complete to allow a determination to be made, Matthew considered this condition to be characteristic of the family.
It has since been determined that Reithroparamys has a fused scapholunate, and that in the type of Leptotomus grangeri (= L. leptodus), the left carpus has a fused scapholunate, and the right has two separate bones (Wood, 1962) . It also has been determined (Wood, 1976) is not easily distinguished from that of Sciurus.
The ischial spine of the dorsal border is promi¬ nent. This is more characteristic of tree squirrels and flying squirrels than of ground squirrels, presumably reflecting a different function of the obturator internus muscle. ably more robust, the neck relatively longer, the third trochanter much more distally positioned, and the shaft usually bowed outward slightly and anteroposteriorly compressed. In Reithroparamys the femur is quite straight, has a relatively proximally placed third trochanter, and is relatively gracile for a paramyid; but even in this paramyid genus, the femur is no more gracile than that of Marmota (which is quite robust by sciurid stan¬ dards), has a relatively longer neck, and the third trochanter is lower on the shaft than in Marmota. Wood's comment (1962:27) that the head of the fibula of Paramys is "larger than in any nonparamyid ro¬ dents with which it has been compared" is not negated by Protosciurus. The medial articular facet of the calcaneus is discrete and circular in Protosciurus, as it is also in Spermophilus. There is a very distinct groove be¬ tween the medial and posterior articular facets, which is also like that seen in Spermophilus. In Sciurus, the groove between the facets is less dis¬ tinctive, and the medial facet is less discrete and less circular.
In Spermophilus and Protosciurus the transverse part of the calcaneus is more nearly perpendicular to the main axis than it is in Sciurus, causing the medial articular facet to be only slightly more distal than the peroneal process. As in Spermophi¬ lus, the medial process of Protosciurus lacks the broad connection with the distal end of the bone that is seen in Sciurus.
Protosciurus must have had a strong interosseous ligament, because the groove distal to the poste¬ rior facet is as deep as that seen in Sciurus, and the lateral distal groove is as distinct as that in
Spermophilus. The peroneal groove is more promi¬ nent in Sciurus than in Spermophilus and Protosciu¬ rus. In the latter two, it does not extend onto the body of the calcaneus the way it does in Sciurus. Wood (1962:28) , the sim¬ ilarity between Prolosciurus and Sciurus is further emphasized. In Paramys, for example, the tibia is shorter than the femur, whereas the converse is true of Protosciurus and Sciurus. The hind limb of Paramys is significantly longer, relative to the forelimb, than it is in the squirrels.
Summary Wood (1980:29) In this scenario, the species is not even a member of the superfamily that Wood believes includes the ancestors of the Sciuridae. Wood (1980:30) left the genus Protosciurus tentatively in the Sciur¬ idae, though he believed it should be placed in the Paramyidae.
USNM 243981 is, quite clearly, closely related to, if not conspecific with, Protosciurus jeffersom. It is protrogomorphous, which would exclude it from the Sciuridae as defined by Wood (1980) , but it also has a number of derived characters that would make it a very unusual paramyid. Oligocene time is partly explained by the fact that squirrels are basically conservative rodents.
They still retain the primitive rodent dental for¬ mula and show none of the loss or fusion of skeletal elements that characterize so many of the fossorial and saltatorial rodents, for example. The differences between Protosciurus and Paramys are many, but except for the few derived features of amys was an arboreal rodent it was certainly not so specialized for arboreal locomotion as Protosciu¬ rus and the sciurines are. Our view would more nearly coincide with that of Wood (1962:27) , who did not 'Teel quite so confident of there being any special arboreal adaptations, but it would seem probable that Paramys spent considerable periods of time on the ground as well as in the trees."
Leptotomus sciuroides is exceptional among the paramyids in having relatively slender limbs, ti¬ bia proportionately long compared to the hu¬ merus, and inflated auditory bullae, all charac¬ teristics which make it more squirrel-like (Wood, 1962:100) . Leptotomus sciuroides has no particular dental similarities to Protosciurus, however, and also is characteristically primitive in its very pinched, narrow postorbital region and in having the anterior edge of the masseteric fossa beneath the posterior edge of M2. Wood (1962) was prob¬ ably correct in concluding that L. sciuroides, in spite of its slender limb proportions, is not so close to the ancestry of the Sciuridae as some of the other paramyids may be.
There seem to be no features of Protosciurus to suggest that it could not have been derived from within the Paramyidae, but the derivation of squirrels from the Paramyidae has long been accepted with little dissension. There has been SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY disagreement, as Wood (1980:29) pointed out, as to the precise source within the Paramyidae (Black, 1963:229, 230; Bryant, 1945:264, 265; Wilson, 1960:64; Wood, 1962:116, 117 
